) is a gene guish a differentiation marker and to strongly express whose expression is required for, and restricted to, plurioct-4, the most diagnostic mammalian stem cell/pluripotent stem cells in mice [16-18]. potency marker. In the course of 2 days at 18؇C, the Two sets of PCR primers were designed for mouse mammalian oct-4 transcripts are spliced to mature oct-4 ( Figure 1A ). The first set of primers encapsulated mRNA. We conclude that normal mammalian nuclei the second set, permitting nested PCRs. Both sets of can be directly reprogrammed by the nucleus (germiprimers were designed to span the 183 base pair (bp) nal vesicle) of amphibian oocytes to express oct-4 at intron 2 and to test whether the PCR products detected a rate comparable to that of oct-4 in mouse ES cells.
was used as a loading control. This sporadic reprogrampersisting level of ␤-actin mRNA may represent a low level of continuing expression or the persistence of staming of oct-4 suggested to us that the position in an oocyte where nuclei are deposited might be important ble mRNA introduced with the permeabilized donor cells. We conclude that the Xenopus oocyte downregufor oct-4 activation. However, due to the small number of nuclei injected (10-20 per oocyte), the accumulation lates murine ␤-actin at the same time as activating murine oct-4. of spliced oct-4 transcripts was very low, and unspliced oct-4 was not even detectable. Although injecting more
Having achieved the preceding results with fetal cell nuclei, we investigated whether the reprogramming acnuclei decreases oocyte survival, we found that 100-200 nuclei could be injected with over a one third survival tivity of the Xenopus oocyte germinal vesicle is also effective on the nuclei of differentiated cells from adult rate ( Figure 1D ). This enabled us to ask whether the position in an oocyte where nuclei are deposited is immice, since, to be useful in the context of cell replacement, it is important that the effect we have described portant for oct-4 activation. With practice, it is possible to deposit at least some injected nuclei in the nucleus can be applied to cells obtained from adults. About 100 permeabilized cells isolated directly from the thymus of (germinal vesicle) of an oocyte, in the majority of attempts. Alternatively, nuclei can be injected into the 6-week-old mice were injected into the germinal vesicle region of oocytes. Mouse thymocytes are oct-4 negative cytoplasm, away from the germinal vesicle (GV). When 100-200 mouse fetal fibroblast nuclei were injected to-( Figure 1B ) and are terminally differentiated. In Figure  2A , we see that fully spliced mouse oct-4 is indeed ward the GV, oocytes cultured for 4 days at 18ЊC yielded both spliced and unspliced oct-4 transcripts. These expressed in injected oocytes incubated for 5.5, 7, or 9 days. The fact that the injected thymocytes that were transcripts were on average 5-10 times more abundant, relative to the oocyte marker vegT, in GV-injected ooimmediately frozen (day 0) showed no oct-4 expression ( Figure 2A ) and that those incubated in Xenopus oocytes cytes than in cytoplasmic injections (see Table S1 in the Supplemental Data available with this article online). We for 5.5 (or more) days did so ( Figure 2A ) demonstrates that transcriptional reprogramming had occurred. A time conclude that the induction of oct-4 expression in somatic cell nuclei depends primarily on a component of course of gene activation shows that, in some experiments, fully spliced transcripts can be seen at less than the oocyte nucleus or on material released by it after injection.
2 days at 18ЊC ( Figure 2B ). The use of differentiated thymocytes enables us to Using GV-injected samples, we observed no murine oct-4 in any immediately frozen oocytes, but we obinvestigate further the specificity of the reprogramming activity, because these cells express the thymus-speserved a high level of murine oct-4 transcription (both spliced and unspliced) in every 4 day incubated sample cific differentiation marker thy-1 [20]. Using RT-PCR, we analyzed the same samples that were found positive for ( Figure 1E ). We note that by day 4, there is much more spliced than unspliced oct-4 ( Figure 1E) ; this explains why oct-4 by using appropriate primers for thy-1. It can be seen that injected oocytes frozen immediately after nuno unspliced oct-4 was detected in our original "low nuclear number" experiment ( Figure 1C) . This cross-species clear injection contain enough thy-1 mRNA to be readily detected ( Figure 2A ). However, this mRNA is absent in reprogramming result has proven to be consistent. In 15 groups of GV-injected oocytes from 10 different females, all samples by day 5.5 ( Figure 2A ). The Xenopus oocytespecific marker, vegT, was used as a loading control. we have seen mature spliced oct-4 transcripts in every group in which the oocytes have been cultured for more
The inverse relationship between the activation of oct-4 expression and the extinction of thy-1 expression demonthan 4 days at 18ЊC.
To identify more fully the transcripts recognized by strates the gene-specific nature of the Xenopus oocyte's cross-species reprogramming ability. We conclude that our oct-4 primers, we extracted the spliced 238 bp PCR product from gels ( Figure 1E ) and sequenced this DNA.
this differentiation-specific marker is extinguished at the same time as the activation of the stem cell marker Figure 1F shows that in each case, identical sequences were obtained that exactly matched the published oct-4. 
